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The levels of biogenic amines (BA) in 40 samples of fermented sausages manufactured and sold in Greece were 
determined by HPLC. Putrescine and tyramine concentrations (mg/kg) ranged from 0 to 492 (median: 176.6) and 
from 4 to 381 (median: 175.2), respectively. Histamine, cadaverine, tryptamine, ȕ-phenyl-ethylamine, spermidine and 
spermine contents were usually lower. However, 37% of the examined samples exceeded the toxicity limit of 100 
mg/kg legally set for histamine in fish. Results suggest that an improvement of production technology and  raw 
materials hygienic quality used for manufacturing various types of Greek fermented sausages is necessary, in order to 




Keywords: Biogenic amine; fermented sausages; fermentation; safety; quality
1. Introduction 
Fermented sausages are industrially or artisanally produced meat products preferred by many 
consumers for their aroma and taste. Their manufacturing technology is more or less similar all over 
Europe. Minced meat is mixed with lard, salt, sugars, curing agents and other ingredients and stuffed into 
casings. The product is then fermented and ripened under controlled conditions for a period which may 
last from ten days up to a few months. During this period various physicochemical, microbial and 
organoleptic changes occur and the product gradually develops characteristic color, flavor, taste and 
texture, is stabilized and finally it is ready to be placed in the market. Various types of fermented 
sausages are manufactured using different spice mixtures, starter cultures and types of raw materials and 
meat.  The conditions during fermentation, ripening and storage of fermented sausages (acidic pH, high 
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availability of free amino acids due to high protein content of raw materials and extended proteolysis, 
occurrence of high populations of fermenting or contaminating microbial groups with amino acid 
decarboxylating activity, long ripening times e.t.c.) may favor bacterial amino acid decarboxylation and 
accumulation of biogenic amines (BA) in the final product [1, 2]. The BA isolated from fermented 
sausages are tyramine (TY), histamine (HI), tryptamine (TR), ȕ-phenyl-ethylamine (PHE), putrescine 
(PU), cadaverine (CA), and the naturally occurring polyamines spermidine (SD) and spermine (SP). 
BA are biologically active compounds. HI, TY, TR and PHE may affect the nervous the gastric and the 
vascular system and consumption of foods rich in these substances can lead to several types of food-borne 
diseases. Thus, high levels of TY in an organism can lead to hypertension and migraine (cheese reaction) 
and can induce brain haemorrhage and heart failure. HI poisoning can cause hypotension, headache, 
nausea, diarrhea, abdominal cramps, urticaria, flushing, etc [3, 4].  Various potentiating factors associated 
with the consumer, such as simultaneous treatment with mono- and di-amino oxidase inhibiting drugs 
(MAOIs, DAOIs), alcohol consumption, gastrointestinal diseases and genetic deficiencies may inhibit the 
BA catabolizing ability of the human organism and reduce its tolerance to them [4]. Aliphatic diamines 
PU and CA, although not considered toxic themselves, may potentiate the effect of vasoactive amines by 
interfering with their detoxifying mechanism [4]. High BA contents in fermented sausages, apart from 
their toxicological effects, are also of concern in relation to food hygiene and public health, since they can 
be the result of the proteolytic activity and amino acid decarboxylating activity of undesired 
contaminating microbial flora present in fermented sausages [1].  
BA are considered as undesirable food components and thus, despite the absence of specific rules and 
regulations regarding their occurrence in fermented sausages, there is an increasing interest in their 
monitoring. Indeed, over the last two decades the levels of BA in industrial or artisanal fermented 
sausages produced in various countries as well as the factors affecting these levels, have been extensively 
studied [1, 5, 6].The present study was carried out in order to determine the contents of BA in dry 
fermented sausages manufactured and sold in Greece and to establish the safe consumption of such 
products with respect to their BA content. The amines measured were PU, CA, TY, HI, TR, PHE, SD and 
SP.  
2. Materials and methods 
Forty samples of various types of dry fermented sausages made in Greece were bought in summer 
2010 from markets located in Thessaloniki and were stored at -20 0C until analyzed. Prior to analysis each 
sample was homogenized (without casings) using a domestic meat mincer. All determinations were done 
in duplicate.  
Homogenized samples were extracted with 0.6M HClO4 using a magnetic stirring system. After 
centrifugation, perchloric acid extracts were separated, passed through 0.20ȝm syringe filters and 
subjected to HPLC analysis according to an already developed method [7]. This method is based on the 
formation of ion pairs between BA in the sample and octane sulfonate sodium salt present in the mobile 
phase. Amine separation was performed on a Discovery C18 reverse phase column 250 x 4.6 mm, 5 ȝm 
particle size (Supelco, Bellefonte, USA) thermostated at 35 0C. The determination of BA was carried out 
by fluorometric detection (Ȝex at 340 nm and Ȝem at 445 nm) after post-column derivatization of BA with 
o-phthaldialdehyde (OPA) [7]. Quantitation of TY, PU, CA, HI, TR, PHE, SD and SP was performed by 
reference to calibration curves (peak area vs concentration) constructed from standard solutions of known 
concentration. 
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3. Results and discussion 
Fig. 1.  HPLC chromatogram after derivatization with OPA of: (A) a BA standard solution (5 mg/L each), (B) a dry fermented 
sausage extract. Peaks: 1 TY, 2 PU, 3 CA, 4 HI, 5 SD, 6 PHE, 7 TR, 8 SP. Fluorescence detection Ȝex: 340nm, Ȝem: 445nm 
 
Figure 1 shows typical chromatograms of BA in a standard solution and in a dry  fermented sausage 
sample extract. BA are identified on the basis of retention times by comparison with the standard 
solutions. 
The formation of BA during the production of dry fermented sausages is mainly attributed to the 
decarboxylating activity on free amino acids of certain fermenting or contaminating microbial groups 
occurring in them. Various fermentation and ripening parameters such as high availability of free amino 
acids, prolonged ripening period, pH decrease, increased temperature and relative humidity during 
fermentation and storage, as well as potentially high contaminating microbial load of raw materials also 
favor the accumulation of BA in dry fermented sausages [1].  
The levels of BA measured in the examined samples are summarized in Table 1. With the exception of 
naturally occurring polyamines SD and SP, a wide variation of BA concentrations was observed among 
the samples. PU or TY were the major amines in most of the samples (Table 1) as already reported by 
other authors [8, 9]. Similar TY and PU levels were found in traditional sausages manufactured in other 
countries (saucisson, fuet, soppressata, chorizo, soudjouck, [1]). TY formation in dry fermented sausages 
is due to the decarboxylating activity of various fermenting or contaminating microorganisms including 
several Lactobacillus and Enterococcus species, whereas PU formation is associated with presence of 
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Pseudomonas spp, some Lactobacillus species, and various genera of Enterobacteriacea family [1, 10]. 
Selection of bacterial starter cultures with limited tyrosine and ornithine decarboxylating activity might 
reduce TY and PU levels respectively, in fermented sausages [9, 11].  
Table 1.  Biogenic amine contents (mg/kg) in fermented sausages produced and consumed in Greece
Amines Range Median Mean ± SD 
TY 3.66 - 381.43 175.19 164.95 ± 98.08 
PU 0 – 491.74 176.62 187.86 ± 144.94 
CA 0 – 1014.08 15.31 94.19 ± 213.62 
HI  0 – 375.75 36.28 89.07 ± 101.55 
TR 0 – 60.53 6.81 14.27 ± 17.61 
PHE  0 – 56.40 2.81 6.71 ± 11.24 
SD  1.45 – 19.53 5.72 6.71 ± 3.98 
SP 13.37 – 60.11 35.92 36.63 ± 10.30 
TY+HI+PHE 5.56 – 619.48 264.70 261.29 ± 176.37 
 
CA concentrations were lower (Table 1) and exceeded 100 mg/kg in only 7 (17.5%) of the examined 
samples. CA production in fermented sausages is due to the proliferation, under not strictly controlled 
conditions, of various Enterobacteriaceae species producing lysine decarboxylating enzymes [12, 13]. 
High CA contents of some samples indicated either poor hygienic conditions and freshness of raw 
materials or adoption of incorrect production procedures, such as increased temperatures during 
fermentation, ripening and storage [14]. HI concentrations were low in many of the samples but in some 
others reached values of health concern (well above 100 mg/kg). Similar concentrations were found in 
dry fermented sausages produced in Spain and Finland [1]. Besides, HI concentrations reached levels up 
to 400 mg/kg in long ripened dry sausages made in Austria [15]. Histidine decarboxylases released in 
early steps of sausage production by various genera of the Enterobacteriaceae family are mainly 
responsible for production of HI in dry fermented sausages [16]. Histidine decarboxylase activity has also 
been observed in some species belonging to the genera Micrococcus and Staphylococcus [1]. Besides,  
high initial microbial load of raw materials due to non appropriate storage, inadequate decrease of pH at 
the beginning of ripening period, extended ripening times might also be reasons for considerable 
accumulation of HI in fermented sausages [1, 17]. The concentrations of TR and PHE found in this study 
were comparable to those already reported by other authors [1] and many of the samples did not contain 
these amines at all. PHE is formed in dry fermented sausages by various species of Enterococci, Cocci 
Gram positive and Lactobacillus [15]. In the examined samples, the presence of PHE was accompanied 
by high TY contents because microorganisms with strong tyrosine decarboxylating capacity also have 
moderate capacity to decarboxylate phenylalanine and produce PHE [18].  
 Naturally occurring polyamines SP and SD in meat were detected in all samples. SP is the major BA 
found in fresh meat and, since microorganisms do not produce SP in significant amounts during spoilage 
or fermentation, it apparently originated in dry fermented sausages from the meat used [19]. SD levels 
were much lower (Table 1) and originated from the same source [17]. 
 The toxicity threshold of various BA in humans is highly variable because it mainly depends on 
factors associated with the consumer. Healthy consumers with an effective detoxifying mechanism 
(normal activity of mono-amine oxidase) have a low risk of health troubles when ingesting TY with 
foods. On the other hand, doses as low as 6 mg or 50-100 mg of TY can cause hypertensive symptoms to 
patients treated with classical MAOI drugs or third generation MAOI drugs, respectively [6]. For HI, 
doses of 8-40 mg, over 100 mg and over 1000 mg can cause slight, moderate and severe poisoning 
respectively, especially in individuals treated with di-amine oxidase inhibiting (DAOI) drugs [20]. The 
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proposed toxic levels for HI, TY and PHE in foods are 100 mg/kg, 100-800 mg/kg and 30 mg/kg, 
respectively [21, 22]. None of the examined samples exceeded legal upper limits of BA contents because 
such limits have not been set for dry fermented sausages until now. However, in 63% of the examined 
samples the sum of TY, HI and PHE exceeded the proposed for fermented foods limit of 200 mg/kg [1] in 
terms of good manufacturing practices and safe consumption. Moreover, 37% of the examined dry 
fermented sausage samples far exceeded the upper limit of 100 mg/kg legally set for HI in some fish 
species [23] and also recommended for meat products by the Netherlands Institute of Dairy Research 
[21]. The presence of high levels of PU and CA found in many of the examined samples indicated bad 
hygienic production conditions and might further potentiate the toxicological effect of TY, HI and PHE in 
these samples. 
4. Conclusion 
The levels of BA measured in quite a notable proportion of dry fermented sausages manufactured and 
sold in Greece may not quite guarantee their safe consumption by sensitive groups of consumers. Patients 
treated with MAOI and DAOI drugs (20% of the population) might be advised to avoid them as they 
already do with other foods rich in high BA contents. Adoption of good manufacturing practices, 
improvement of production technology and improvement of the hygienic quality of raw materials used for 
manufacturing various types of Greek dry fermented sausages are necessary in order to ensure the safe 
consumption of these products with respect to their BA content. Establishment of legal upper limits for 
HI, TY and other BA in fermented sausages by the European legislation would also help in this direction. 
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